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ABSTRACT

Nonpulsed but variable X-ray emission has been detected from the binary system

containing the radio pu]sar PSR 1259-63 during two pointed ROSAT observations,

taken five months spar'. This 47.7 ms radio pulsar is in a highly eccentric (e _ ,85)

binary system with the ,0 to 15 M O Be star SS2883. It is the first radio pulsar found

to be in a binary system with a massive main sequence companion; it is also the most

highly eccentric binary system known to contain a neutron star.

The level of X-ray flux detected in the ROSAT observations has increased with

orbital phase by a factor of at least ten bet/ween 1992 February and 1993 February. The
X-ray flux is significantly great(r than expected from the Be star s corona and seems

likely to originate either from low-level stellar wind accretion onto the neutron star or

from the shock between the stellar wind and the relativistic pulsar wind. The system

may be the progenitt)r of the more slowly rotating Be X-ray binary pulsar systems.
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1. ! atroduction

PSR 1259 63 was discovcrc_t in a radio survey of tile southern galactic plane by Johnsttm

eta]. (1992a). Subsequent analysis (Johnston ct al. 1992b) led to tile identification of this 47.7 ms

radio pulsar with the lie star SS2883, and on-going analysis of radio data has allowed the spin

and orbital parameters to be determined to a high degree of precision (Johnston et al. 1993a,b).

The pulsar has a relatively young characteristic age of 3 x l0 s year and a moderate magnetic field

strength of 3 x 10 jl G. It is in a highly eccentric, 3.4 year orbit around the Be star.

PSR 1259-63 may be tbe progenitor of eccentric X-ray Be star binaries such as 4U0115+63

(Cominsky et al. 1978, Rappaport et al. 197!) and A0538-66 (Skinner et al. 1982). In the former

system, strong X-ray outbursts are centere( around periastron, but often last for more than one

orbital cycle, while weaker ones occur near apaatron, approximately 12 days later (Whithx:k,

Roussel-l)uprd, and Priedhorsky 1989). in the latter system, the outbursts occur near each

successive l)eriastron, but only when I.he sy,_lem Is active. I|oth these systems have much shorter

orbital periods and longer pulsation pcriotis than does I)SR [259 63 (24.3 (lay azld 3.6 s for

4U0115+63 and approximately 17 day and b9 ms for A0538-66).

By analogy to the other, more well-studied Be binaries, X-ray emission from this system may

vary from low-level accretion of capturc<l wind material away from periastron to a transient outburst

nearer to periastron, when the pulsar more closely approaches the circumstellar envelope of the Be

companion. It is also possible for the pulsar itself to produce pulsed X-rays in a manner similar to

that of other young, nearby isolated neutron .,.*am such as the Crab, and for SS2883 to produce weak

coronal X-ray emission. Finally, the interac, o, of the winds from the pulsar and tlm companion

could produce a shock front which could emi_ X-rays. These scenarios were considered in detail by

Kochanek (1993), who concluded that the m_ t copious source of X-radiation away from periastron

should be coronal emission from SS 2883 at a.: approximate flux of _ 10 al ergs s -1. The system was

also modeled by King (1993), who used prelirninary orbital elements to discuss some evolutionary

considerations of the mass transf _r.

In this paper, we report our detection of significant (_ 10 aa ergs s -I) X-ray emission post°

apastron in the PSR t259-63 system. Our observations cannot be easily explained by any of the

standard scenario6, and are discussed in detail in the _ctlons that follow.

2. Observations and Analysis

We have obtained -_ 46 x 10 a s of I{O_,_T Position Sensitive Proportional Counter (PSPC)

data. Table 1 summarizes these obscrvationsl which occurred in two multiday periods ("obsl" and

"obs2") separated by ,,_ 5 months. Each obse-vation period was further subdivided into many short

(34 to 1758 s) Good Time Intervals (GTIs). _ he second observing period was sumciently long that

we could analyze each half of the observatiol _parately ("obs2a" and "obs2b').

The ROSAT PSPC images produced by the Standard Analysis Software System (SASS)

clearly indicate a source at a position consistent with PSR 1259-63. For the first observation

period, the difference in the best-fit ROSAT SASS (version 5.8) position and the radio position

(Johnston et al. 1992b) is 6".9, while for the second observation period (using SASS version 6.2)

it was 9".8. Both of these po_itton offsets ire within the expected systematic uncertainties for



thePSPC(15",90_ probable error radius). Images of PSR 1259-63 in both observation periods

are consistent with a point source. There are no other objects listed in either SIMBAD or the

Space Telescope Science Institute Guide Star Catalog (version 1.1) within this error region. In all

observations, the location of I_S I{ 1259-6,3 within the field of view occurs in a region with nonvarying

exposure and background. Also within tile (1 ° square) PSPC image, but well outside of the error

region considered for I_SR 1259 63, is a very bright X-ray source consistent In location with the

O star ]lD113466. This star is present in both observation periods, as are several weaker, as yet

unidentified objects, iiD113466 is present in all three SASS images (0.1 to 0.7 keV, 0.7 to 2.4 keV,

and 0.1 to 2.4 keV), while Pql{ 1259 63 is only present in the two images which include the more

energetic photons.

In order to determine the intensity of the X-ray emission from the PSR 1259-63 system, we

used the P_t-Reduetion Off-Line Software. package (PROS version 2.10.2) and chose a circular

integration region which had a radius of 100" around the fitted source position. The background

was computed in an annular region with inner radius of 110" and outer radius of 210". The results

from this analysis are given in Table 1.

The distance to the system is somewhat uncertain. The distance determination based on the

pulsar's dispersion measure was initially 2.3 kpc (l,yne, Manchester, and Taylor 1985) with stated

uncertainties occasionally as large as a factor of 2. A more recent dispersion measure modc], believed

to be accurate for most pulsars to within 25%, _ields a distance of 4.6 kpc for the system (Taylor

and Cordes 1993). floweret, using optical photometry and the spectral type of the companion,

Johnston et al. (1993b) find the distmlce to be .-_ 1.5 kpc, and we therefore adopt this conservative

value for use in further discussion. The X-ray luminosity in the PSPC 0.1 to 2.4 keV band that

Is required to explain our observed count rates is at least flx 10 aa ergs s -l and may be as high as

1 x 1034 ergs s -I, depending on the assumed spectral model (see Sections 2.2 and 3.1 below for

further details of this calculation.)

Pre-apastron ROSAT PSPC observations of PSR 1259-63 which occurred on 1992 February 26

were carried out for --_ 7 x 103 s by M. Bailes and M. Watson (private communication). Fewer than

10 photons were detected from the system during this time, and we include the upper limit derived

from these observations in Table 1. This upper limit is approximately a factor of 10 less than our

detections at p_t-apastron orbital phases. The system was also observed prior to apastron using the

Ginga LAC on 1991 September 5 (MJD 48505). T. Makino and T. Aoki (private communication)

have found an upper limit for these observations of 0.1 mCrab (2 to 10 keV), equivalent to an X-ray

luminosity of _ 6 x 10 s2 erss s -I (assuming a Crab like spectrum). Upper limits derived from all

sky surveys (Uhuru, Forman et al. 1978 and IIEAO A-l, Wood et al. 1984) are about a factor of 20

higher than the Ginga LAC limit. Figure 1 depicts the orbital locations of the Ginga observation

and the three sets of ROSAT observations.

2.1. Timing Analysis

As can be seen from the intensity information in Table 1, the overall flux from PSI{ 1259-63

has increased by at least a factor of ten between the Bailes et al. observations in 1992 February and

our observations, and by an additional -._ 50._. _:,ctwec|| our first and second observation periods,

which are separated by about five months (obsl occurred 1992 August 30-September 4, while obs2

occurred 1993 February 7-lfi ). We have also scarched for variability on shorter timescales by

j
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computing the average flux per GTI. The remflts of this analysis indicate possible variations on

timcscales of a few hours. The variability is especially significant within the first half of obs2.

We have searched for X-ray pulsations _t the 47.7 ms radio pulse period by performing the

following analysis:

(1) The individual photon times were extra.ted from the ROSAT FITS file and were converted

from the spaccu'.raft clock time to UTC,

(2) We used PROS to generate a barycentr;c correction table, assuming tbe radio pulsar position

given by Johnston et al. (1992b),

(3) The individual photon anival times were corrected to the solar system barycentt,r using

a linear interpolation of tile correction tat,le.

(4) A tin'ling _'orrc_:tion for the lmlsar orbil (For_) was calculated for each arrival time using

the orbital elements given in .lohnston et al. (1993b).

(5) Using the ra(]io de_crtnim_t P and [', the pulse rmmber and phase were then calculated from

the arrival tinm equation

t_ = to 4- NP + , N2PI'_ + asin._.__/ F_,_b(O,w,t,r)
C

and a binned phase histogram wa_ col., Irlmted.

No significant pulsed emission has been, etected in either observation period, nor in the entire

data set. Three sigma upper limits to the l)l _cd fraction are 21%, 9%, and 9% for obsl, obs2, and

the entire dataset rc._pectively. Additional searches using only the higher or lower energy t)auds

(channels 10- 100 or 100 255) also did not reveal any significant pul_cd fraction.

2.2. Spectral Analysis

We have fitted power law, thermal brer: sstrahiung, and Raymond-Smith spectra to the data

from the PSR 1259 63 system. The phote ,.: were binned into 34 channels by PROS and fitted

using XSPEC 8.30. In order to obtain acce. ',abie fits, we had to eliminate low-energy channels l

and 2, as there was no significant flux in tli .se channels. In addition, channel 31 was eliminated

for obsl since it had an anomalously low ill..:. The results of our spectral fitting are summarized

in Table 2 for obsl, obs2, and both halves of this longer observation period (obs2a and obs2b).

For PSR 1259-63, we cannot discriminate between these three models based on goodness of fit, and

we found no need to irmlude any additional model components, as tile simple fits were adequate.

There is no significant metal abundance in the best-fit Raymond-Smith model.

We have also fitted spectra for the bright G star, which has significant soft X-ray emission,

typical of a coronal plasma. These results are also given in Table 2, where it can be seen that the

Raymond-Smith model is clearly preferred. The best-fit metal abundance (relative to cosmic) in

this latter model is 0.14, which is not unreasonable for a Population II object.

We have performed a color-color analy _ s for the PSR 1259-63 data in the manner of Meurs

et al. (1992), who analyzed many ROSAT c! scrvations of O and B stars, including some with and

without emission lines. We find that, using , mir schcme, the colors for I)SR 1259-63 are strikingly

similar to thoee of X Per, a known accretin i [h; binary. The color-color ratios are 0.97 + 0.04 and

0.67:t:0.03 for the ratio of the (0.4-2.4 keV) ' _ (0.l 2.4 kcV) and the (l.0 2.4 keV) to (0.4 2.4 keY)

energy bands, respectively.



j

-- 5

3. Discussion

In order to account for the X-ray emission we have observed from the PSI{ 1259 63 system near

apastron, we consider four different types of scenarios: coronal emission from the Be star companion,

low-level accretion onto tile neutron star, rotational spin-down energy from tile neutron star and

emission from interacting winds. Ill the me[ions tilat h)llow, we discuss the applicability of each

scenario.

3.1. Be Star Coronal Emission

iV[' assunm that the holom(,lrie hnnin[_ity of the c[unpavlion star S,q2_q83 is 5.8 × 104 L(.)

(W[,stcrlund and (b_rnicr l.q_!}, .Ioht_st[)Tt ('t al. 1!)92t)). Usillg tim rclal.ionship derive(| for I_ star

coronal emission, L_ = 1.4 '. lt)-rLho_ (l)allavicini et al. i98l), we obtain a pr[_icted L_ of around

3 × l0 :tl ergs s -1 (of. Kochanek 1993). This relationship holds for the (0.1 to 4.5 keV) Einstein

band and is consistent with that recently derived for (0. I to 2.d kcV) R()SNI _ I)SI)C observations

of other B and Be stars (Meurs et al. 1992).

For the assumed 1.5 kpc distance, and given the predicted intrinsic coronal luminosity of

3 × 10 al ergs s -I and average observed speetrtnn, we calculate observed count rates per second

(between 0.1 and 2.4 kcV) of approximately 2.3(} × l0 -a (Raymond-Smith model), 0.443 × 10 -4

(pow[,r law model), and 1.60 × 10 a (thermal bmmsstrahlung model). We |lave observc_t count rates

of 2.38 :i- 0.18 x I 0- 2 (during _t)s I ) and ?,. 15:1:0.11 x 10 -2 (_lurin_ obs2). Therefi)re, our observed

count talcs arc from 15 Ill 700 tinms hilt.her than Iho.,_, (,xpect['d froln coronal emission. In addition,

th[, spectral similarity hetwecn PSi( i259 63 a._,l the known accrcLin_, neutr(ln star binary X Per

also argues against associating the observed X-ray c, mission wiLh tile companion star's corona. It

is Ihcrcfore dillicuh to attribute th[, observ(ul X-ray Ihtx to coronal cmissinn from SS2883.

3.2. Accretion Powered Emission

In systems such as PSI{ 1259-63, where the companion star lies well within its Roche lobe,

accretion typically occurs as a result of the capture of radiatively driven stellar wind material by

tile neutron star. Alternatively, in a highly eccentric orbit, the companion star may temporarily

fill its Roche lobe at periastron, providing an additional source of material to be accreted

(Charles et al. 1983). In Be systems, the occasional ejection of circumstellar shell material may

catalyze the accretion process and initiate a transient outburst as the shell reaches the neutron

star. In all three of these scenarios, however, the accreting material will not be able to penetrate

tile magnetospheric t)oun(t* ,' if it lies outside tile corotation radius, and will be propelled away in

a manner known as "ccntrifiLgal inhibition" (Stella, White, and Rosner 1986).

[n addition, for rapidly rotating radio pulsars, tile pressure exerted by the radio pulsar on

the companion's stellar wind should further inhibit the accretion process (lllarionov arid Sunyaev

1975; Ste|la et al. 1986). It is possible for accretion to overcome both the centrifugal and the radio

inhibition barriers if the magnetic field strength is low, and the wind density is high but with

fairly low velocity (e.g., ('aptur(_t material piled up ouLsidc tile magnetosl)hcric boundary). [:or

PSI( 1259 -63 rotating with a period of 47 ms, and an observed luminosity of at most l x l0 a4 ergs



s-t, accretionwould be possible; e.g., if th, pulsar's magnetic dipole is l_s than 5 × 102_ (; ern 3

(B _ l0 s G), and the wind velocity Vo = :: _, 10 sem s-I. |lowever, the period derivative value

report(_I by Johnston ct al. (1993b) indicate, that tile magnetic field in this system is 3.3 × 10 II G,

and thus the X-ray luminosity wc observe cannot I)e easily explained I)y the standard centrihlgally

inhibited accretion scenario.

I Iowever, if tile centrifitgal and radio pHlsar inhibition rrtechanisms are not completely ell'ective

at stoi)ping tim infall of cal)tur,_l material (4,.g., a fortuitous alignment of the. field lines and the

wind allows some matler to acc.rete), il. ilia t14! possible to i)r(xluce the low level Imninosity that

we have observed. If we assume that t.he l_.,,_a: is orbiting in the equatorial wind region of the

Be star, then given the orbital paranmtcrs i:ld stellar rotation velocity derived by Johnston et al.

(1993b), and ren._onablc a.ssumptions al)ou the stellar wind velocity and density (Waters et al.

19891, the direct st_,llar wind 4'_al)turo _;(!e41a_io detail(_l by Waters et al. (1!t891 can re-create tile

observed X-ray Ilux incretLs(? with orbital phase. The model I)redicts only low-level emission In,fore

apastron, and then a nlaxirnuln Ihlx shortly after apastron, similar to our observations. It further

predicts a k)wer luminosily at. l)eriastr(m due Io the higher relative velocity of the neutron star and

ti_e stellar wind. The spectral similarity to X Per, a known low-luminosity accreting neutron star

binary, offers additional SUpl)ort to the accretion scenario, despite the problems with centrifugal

inhibition discussed abo_.

Charles et al. 419831 have propos(._] a ten'q)orary i¢.oche lobe overtlow scenario to explain

observations of outbursts in A0538 66. Thes,_ (mthursts occurred regularly for a number of _ 17 day

cycles in the 1977 to 1982 era (Skim14.r ct al 1980, Corbet et al. 19851, but have not I_,n report(_l

(luring tile lmSt _ 10 year. Usiug the r_,(:e,,'t ¢)rbil.al elements for PSI{ 1259 63 (,Johnst4>n et al.

l!Y.)3b), we |i4Jd that p_rriaslrt)41 lmsstiges it_ ,t_e systetn have ex_ellrr4_l St,w,ll tim_,s sin¢,o the (,arliest

(lays (if satellite based X-ray observati4)ns. 'It hie 3 swnlnarizes the prcdict_,d periastron tin,_'s, all(]

_atellites with all-sky monitors which w_re o _scrvlllg at each dal,e. No olltbursts or deteetbms have

been reported from a_y of these observatio1.,. Ul)per limits to the outburst intensity for the Vein

observations are 25 mCrah (_ 14135 ergs s -I, 1 a) for a 10-day outburst or 250 mCrab (_ 103_

ergs s -l, 3 a) for a 1 day outburst (Whitloek, private communication). The upper limits for

the ltakueho and Ginga All Sky Monitors arc _ 10O mCrab and _ 50-70 mCrab, respectively (11.

Tsunemi, private communication). Typical X-ray transient outbursts in Be binaries have lntenaltle_

ranging from 10 a_ to 10 a7 ergs s -I (van de;: [leuvel and [Lappaport 19871 marginally consistent

with these archival upper ]in)i_.s. The ]or)g c.rbital period in the I)SR 1259 63 system limits the

opportunities to observe periastron passage compared to the much shorter cycle in A0538-66, and

the system may have been similarly inactive, or may have outbursts which are much fainter. In

any event, since this mechanism is believed to produce X-ray emission only near periastron, it is

not directly apl)licable to the observations reported in this paper.

The fast spin rate and high cccentric.ity in lhe I)SR 1259 63 system seem to indicate that

the system was recently creatc_l from the supernova event anti is still spinning rapidly. Given the

relationship between the orbital period and spin period of X-ray pulsars in Be binaries (Corbet

1984), we might expect this pulsar to eventually sl)in down to a m_tch longer period. The physical

mochar_ism that operates to slow down the neutron star is not clear, but scenarios which invoke

braking in the companion's wind are oftc4, pr_)pos(_l (e.g., I]larionov and Sunyaev 19751. This effect

should be In(_t pronounc.t_ at periastro_, v..h_,u the pulsar moves Lhrough the densest regions of

the stellar wind, llowever, transient X-ra) '_utbursts occuring as a result of l)eriastron pa_age
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intim4U0115+63 system show the pulsar sl)inning nil due to accretion (Rappaport et al. 1978).

It is therefore important to study the I)SI{ 1259 63 system during its next expected peria.%ron

passage near 1994 January 9. if the PSR 1259 63 system is to evolve into a more circular,

slowly rotating system such as 4U0115+63, any accretion-driven spin-up during periastron must

be countered by an efficient braking interaction ,_'uring the rest of the pulsar's very long orbit (e.g.,

propellar mechanism or radio pulsar spin-down.) The unexpected X-ray emission that we observe

may be the result of this interaction.

3.3. Rotationally Produced X-Ray Emission

A few radio pulsars have also been detected as pulsed X-ray sources. These include not only

the young pulsars such as the Crab and I"SI{ 1509 58, but also recycled pulsars such as PSR

0437 4715. l ligh-energy emission from the Crab has |x_n modelc_l by many authors, and usually

involves consideration of either the "polar cap model" (e.g., Daugherty and Itarding 1982) or the

"Oilier gap model" (e.g., Cheng, llo, and ItudCrman 1986). Recent calculations of these models

have considered not only yomlg imlsars like the Crab, but reeyeled pulsars as well (for example,

seo Chiang and Romani 1992 an(t references therein). These calculations show that young pulsars

are exl)ected to have a higimr proportion of high energy emission than older pulsars. For the Crab,

approximately 10% of the .;'.n-down htminosity is radiated in the ROSAT band (ltarnden and

Seward 1984), and the pulsar's luminosity is _ 4% of this total. For PSR 1259 63, using the period

derivative 2 × 10 -is (Johnston et al. 1993b) and a typical I of 104s g cm _, leads to an E = l_b

of _ 10 as ergs s -I. Therefore, in this scenario, _ 1035 ergs s -l should appear as X-ray emission

in tile ROSAT band, with _ 4 x 1033 ergs s -1 as pulsed emission. As discussed above, the total

X-ray luminosity we observe is less than -.- 10 a4 ergs s -l. If tiffs system is producing pulsed X-ray

emission, it must be at less than 0.1% of the spin-down energy, much lower than other pulsars with

similar P and/5 (e.g., PSR 1055 52, Ogelman and Finley 1993). This, coupled with the variability

in flux by more than an order of magTfitude and the lack of detected pulsations at the radio period,

argues against rotationally powered X-ray emission.

3.4, Emission from Shocked Winds

As discussed in det.all by K_whanek [1!193), If the stellar and pulsar winds Interact, shocks

sh()lthl oc(.tlr belw('_,ll tho two st.lll._. The sh(wked stellar wind sh(mhl radiate X-rays (hie to thermal

bremsstrahhlng. The X-ray Imninosity cxpocted in this ease is a sensitive fllnetion of tim ratio of

the strengtlL of the stellar wind to that of tile pulsar (A). In hi_ model, )_ is assumed to I)e much

greater than one, arid the calculated emission from the stellar wind shock would be a factor of 5 to

10 less than the expected coronal emission (see above). Ilowever, the pulsar wind should also be

shocked, and it is not clear how tim available energy in this shock (which comes from the pulsar's

spin-down energy and is potentially much greater) will emerge. For values of ), <_ 2(] , it seems

possible to release as much energy as we have observed (see Figure 6 in Koehanek 1993.) Soft

X-rays observed from PSR 1957+20 (Kulkarni et al. 1992, Fruchter et al. 1992) are consistent with

this scenario; however, this vstem is very compact compared to PSi{ 1259-63, and the observed

ROSAT flux was at least a rector of 10 (and possibly a factor of 103) lower than observed here.

In support of this model are the observed X-ray flux increase as the neutron star approaches the

companion star, the lack of strong X-ray pulsations, and the variability on short timescales.
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4. Conclusions

We have detected variable, low-level, un! ulsed X-ray emission from the I'SR 1259 63 binary

system which may result from low-level accretion or the interaction of the pulsar and Iic star

companion winds. X-ray emission from this *.;,stem has increased by a f_tor of ten between 1992

February and 1993 February, and may contim,_, to increase through 1994 January, when the neutron

star most closely approaches its companion. "?he unique properties of this system offer an excellent

opportunity to test theories of X-ray binary evolution, and we urge continued multiwavelengtb
observations.
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TABLE 1

INTENSITY AND VARIABII,ITY SUMMAI:tY FOB. PSI{ 1259 63

Interval

Source

MJD GTIs Photons

Duration Flux

(s) × 10 -2 counts s-1 X2

Bailes

obsl

obs2

obs2a

obs2b

48678.68-48679.78

48864.527-48869.167

49025.895-49034.539

49025.895-49029.823

49030.736-49034.539

< 10 7086

10 253.8±18.88 10713

34 1135.86±37.89 36108

13 499.99±25.12 14133

21 635.87±28.36 21975

< 0.26 (99% C.L.)

2.38+0.18 1.03

3.15±0.11 1.66

3.54±0.18 2.49

2.91+0.13 1.08
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TABLE2a
I)OWEI¢ I,AW SPEC'F_L ]?ITS FOR PSR 1259 63

Dataset o_ 90% C.L. N?I × l0-_ 90% C.L. Norm x 10 -a X 2 (dof)

obsl . 3.74 1.59 6.86 6.68 2.43-13.32 6.614-5.01 30.18 (28)

obs2 2.16 1.42 3.0(I 3.83 2.34-5.58 3.95+1.09 32.80 (29)

obs2a 1.56 0.54 2.81 2.57 0.68 5.14 3.034-1.19 37.83 (29)

obs2b 3.113 1.98 4.29 5.61 3.43-8.34 5.904-2.42 17.43 (29)

G star 2.28 2.18 2.37 036 0.33 0.39 ll.014-0.19 338.89 (29)

TAI}LE 2b

TIIERMAI, BREMSSTliAIt[,UNO SI'F_CTIL_,i, FITS FOR I)$II 1259 63

Dataset kT (keV) 90% C.L. Nn :< 1021 90% C.L. Norm × 10 -4 X 2 (dof)

obsl 0.77 0.72-6.90 4.77 2.45-8.86 10.85+16.95 30.30 (28)

obs2 2.19 1.09 -12,87 3.16 2.14-4.33 3.164-1.85 32.94 (29)

obs2a 8.12 0.1-2011.0 2,28 1.31-4.01 1.35+1.59 37.87 (29)

obs2b 1.06 0.60 2.72 4.33 2.88- 6.13 8.04+6.54 17.43 (29)

G star 1.01 0.93 1.10 0.24 0.22-0.26 22.564-1,62 239.07 (29)

TAIII,E 2c

I_.AYMOND-SMITII SPECTRAL I?I'I,'S FOR PSI{ 1259 63

Dataset kT (keV) 90% C.L. hit × 11)21 90% C.L. Norm x 10 -4 X 2 (dof)

obsl 1.13 1.08-9.33 3.90 1.15-17.18 13.814-26.46 30,02 (27)

obs2 2.61 2.60-14.56 3.01 2.18-4.33 14.38+9.40 33.02 (28)

obs2a 6.09 6.08-79.90 2.42 1.39-4.02 12.844-9.96 37.90 (28)

obs2b 1.05 0.49-2,77 4.33 2.83 11.02 26,874-25.87 17.43 (28)

G star 0.84 0.81-0.86 0.15 11.14 0.17 45.084-2.70 58.41 (28)
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TABLE 3

PSR 1259-63 PERIASTRON PASSAGE OBSERVATIONS

WITH ALL-SKY MONITORS

Date of Periastron / MJD Satellite

197(I Apr 27 40703.52 Vela

1973 Sep 15 41940.33 Vela

1977 Feb 3 43177.14 Vela

1980 ,]un 23 44413.94 ilakucho

1983 Nov 12 45650.75 None*

1987 Apr 2 46887.55 Ginga

1990 Aug 21 48124.36 Gmoa

• Although Tenma was operational during this time,

PSR 1259-63 was not in the field of view of the

All-Sky Monitor (Tsunemi, private communication).



1000

500

-500

12-93

7598A1

Flg. I.

I ' I i i

- O 9/5/91: Ginga (Makino and Aoki)
o 2/26/92: i-_OSAT (Bailes and Watson)

-- z_ 8/30/92-9/4/92: ROSAT (obsl)
_ r_ 2/7/93-2/16/93: ROSAT (obs2)

1

-2000

I I

-1000

,Light-seconds

m

SS2883e

0
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at the center-of-mass of the system. Also indicated are the pre-apastron observations
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